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1. Introduction

In RAN1#63, the ACK/NACK bundling methods were discussed for LTE-A TDD. The following proposals were agreed for TDD [1]:

· PUCCH Format 3 Mode 2 is not supported in Rel-10.
· Use time-domain bundling for mode b.
In this document, we provide our views on the details of time-domain bundling methods for mode b.
2. Time-domain Bundling for Mode b
Various time-domain bundling methods were proposed in [2]

 REF _Ref282179234 \n \h 
[3]
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[4]
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 REF _Ref282179233 \n \h 
[6]
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[7]
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[8].
It was proposed the bundled A/N per Cell (1 bit) and the number of subframe for A/N feedback (1~2 bits) with modified DAI’s definition in [3] and the bundled ACK-counter per Cell (2 bits) in [7] are proposed for time-domain bundling methods. However, DL throughput will be lost since all individual A/N bits are bundled. Also, the different definition of DAI in [3] is not Rel-8 backward compatible by not using DAI as a pure counter although it does not have any overlapping state.

On the other hands, the contiguous ACK-counter was proposed in [8]. With contiguous ACK-counter, some preceding ACK(s) can be recognized at eNB in order to make more efficient in bundled A/N transmission. However, the proposal in [8] has a problem regarding overlapping states for M=4. Table 1 is shown definition of contiguous ACK-counter for M=4 in [8]. Due to same mapping states between ‘A, A, A, N/D’ and ‘A, A, N/D, any’, the scheduling of three PDSCHs per Cell may be potentially forbidden in eNB.
Table 1. Definition of A/N mapped states per CC for M=4 [8]
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) 
	Mapped state 

	ACK, ACK, ACK, ACK 
	A, A 

	ACK, ACK, ACK, NACK/DTX
	N, A *

	ACK, ACK, NACK/DTX, any 
	

	ACK, NACK/DTX, any, any
	A, N

	NACK, any, any, any 
	N, N 

	DTX, any, any, any 
	D, D 


* eNB shall always assume only the first 2 PDSCHs are correct, and retransmits all other PDSCHs, hence there is no NACK->ACK error case
Therefore, we provide a slight modification for definition of contiguous ACK-counter for M=4 as seen in Table 2.  For example, assuming the target BLER is 10%, the probabilities of ACK, NACK, and DTX would be 0.9, 0.09, and 0.01, respectively. Also assuming all the A/N events are independent. Then, the occurring probability for ‘A, D, D, D’ is 9E-9 (=0.9*0.01^3) which is much smaller than that for ‘A, A, A, A’ (0.6561=0.9^4). In other words, the probability for overlapping states will be same as in [7] while additional benefits of individual A/N as many as possible can be obtained.
Table 2. Definition of A/N mapped states per CC for Mode 2
	For multiple (
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) A/N responses
	Mapped states
[HARQ-ACK(0), HARQ-ACK(1) for the 1st Cell / HARQ-ACK(2), HARQ-ACK(3) for the 2nd Cell]

	‘D, any, any, any’
or no DL assignment is received.
	D, D

	‘A, D, D, D’
	A, N

	‘A, A, N/D, any’
	N, A

	‘A, A, A, N/D’
	A, A

	‘A, A, A, A’
	A, N

	‘N, any, any, any’
or ‘A, D/N, any, any except for A, D, D, D’
	N, N


Proposal 1: Up to 2 CCs are supported by Mode b.

Proposal 2: 2-bit DAI in Rel-8 as a pure counter per CC is used without any modification for TDD A/N feedback.
Proposal 3: Table 2 is proposed for M=4 in Mode b. For M=2 and M=3, the proposal in [8] is adopted.

3. Conclusion

This contribution proposed the ACK/NACK bundling method for Mode b. Our proposals were summarized as follows.
Proposal 1: Up to 2 CCs are supported by Mode b.

Proposal 2: 2-bit DAI in Rel-8 as a pure counter per CC is used without any modification for TDD A/N feedback.

Proposal 3: Table 2 is proposed for M=4 in Mode b. For M=2 and M=3, the proposal in [8] is adopted.
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